M utations in two major cancer susceptibility genes, BRCA1 and BRCA2, predispose to early onset breast and ovarian cancer. Since 1994, genetic testing for germline mutations in these genes has been carried out in many countries in both diagnostic and research settings. Mutation analysis is usually done on the basis of a (family) history of breast or ovarian cancer-for example, (very) early age of onset, multiple affected close relatives, multiple tumours in one patient, and breast cancer in men. [1] [2] [3] Ethnic background may also play a role in decisions about DNA testing, as in some populations founder BRCA1 or BRCA2 mutations are known to occur at relatively high prevalence (for example, 185delAG and 5382insC in BRCA1 and 6174delT in BRCA2 in Ashkenazi Jews 4 ). In recent years several families have been described in which more than one BRCA mutation segregated, predominantly involving Ashkenazi Jewish founder mutations. These reports describe families that harbour two pathogenic BRCA1 mutations, 5 one BRCA1 and one BRCA2 mutation, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] or even three pathogenic mutations in BRCA genes. 18 Some of these families were uncovered because the index case appeared to carry two (founder) mutations, and only rarely was cosegregation of two different mutations suspected beforehand on the basis of the family history. This has led to the recommendation that one should always test for all three founder mutations in individuals of known Jewish ancestry. 19 However, DH has also been reported without prior knowledge of Jewish ancestry. 10 12 13 16 17 20 In this paper we present four new cases with mutations in both BRCA1 and BRCA2 and review and update the 30 cases reported in the literature, in order to investigate the phenotypic consequences of double heterozygosity (DH)-that is, the presence of pathogenic mutations in both BRCA1 and BRCA2 in one individual.
CASE REPORTS
The first proband had papillary serous ovarian cystadenocarcinoma stage IIb at age 40 and unilateral infiltrative ductal breast carcinoma at age 45. She was referred to the clinical genetics department because she was considering prophylactic contralateral mastectomy if she harboured a genetic predisposition. She has 10 siblings and a positive maternal history (fig 1). Her mother had had ovarian serous cystadenocarcinoma at the age of 67. One maternal aunt had bilateral breast cancer at 60 years of age, and a maternal cousin died of breast cancer at the age of 43. The father of the proband died of a brain tumour at age 52, but this was too long ago to retrieve the medical data. There was no history of breast or ovarian cancer in the paternal family, and no known Ashkenazi Jewish ancestry. Based on her medical history and family history, BRCA1 and BRCA2 testing was carried out.
Protein truncation testing of exon 11 of BRCA1 and exon 10 and 11 of BRCA2 indicated a truncating mutation in BRCA1. Sequencing demonstrated a two base pair deletion (2804delAA) in BRCA1, a known Dutch founder mutation. 21 Because the sample was used to validate the denaturating gradient gel electrophoresis (DGGE) analysis we were developing for BRCA1 and BRCA2, 22 additional testing was carried out even though the causative mutation had already been found. Unexpectedly, this revealed a second mutation in
Key points
N Detection of double heterozygosity (DH) for BRCA1 and BRCA2 mutations has implications for genetic counselling and possibly for clinical management. We review 34 women with DH to assess phenotypic expression.
N In the diagnostic setting DH occurs in 0.09-0.36% of index cases-that is, in 0.22-0.87% of proven BRCA mutation carriers, rising to 1.8% in Ashkenazi Jews. At least one of the detected mutations is usually a founder mutation, mainly 185delAG and 5382insC in BRCA1 and 6174delT in BRCA2.
N The phenotypic expression in DH varied from unilateral breast cancer at age 26 to cancer-free survival at age 70. Twenty four cases had a total of 32 primary cancers; the mean age at first breast cancer was 40.8 years (range 26 to 70), and for ovarian cancer, 45.7 years (range 36 to 57). The age related incidence for first cancer was 84% (38% to 99%) at age 70, and median cancer-free survival was 45 years (range 33 to 57). The genotype 5382insC/6174delT seemed to confer the highest cancer risk.
N In non-Ashkenazi populations DH is rare. Compared with carriers of a single BRCA1 or BRCA2 mutation, DH does not seem to lead to a more severe phenotype. The presence of a second mutation has important consequences for genetic counselling. We suggest that index cases should always be tested for all known founder mutations, that co-segregation in BRCA positive families must if possible be confirmed, and that mutation analysis should be extended where there is a tentative phenocopy with a positive history on both sides, in order to avoid missing a second BRCA mutation.
BRCA2: 3715delG, a novel mutation that leads to a stop codon at position 1167.
Subsequently, these mutations were detected in brothers of our proband, confirming that both are inherited and neither is a de novo mutation. Maternal and paternal family members declined DNA testing, and ovarian tumour specimens of the patient's mother were no longer available. We were therefore unable to determine whether one mutation came from either parent or whether both were inherited from the mother.
The woman was counselled about the presence of the two distinct genetic predispositions and informed that her risk of a second breast cancer could be around 60% (the figure for women with only one mutation) or even higher. She subsequently underwent a prophylactic mastectomy (with no malignancy on pathological examination) and is free of disease at the age of 51 years.
The second Dutch case attended the hereditary cancer clinic at age 50 years. She was treated for unilateral ductal breast cancer with positive axillary lymph nodes at age 28. She was referred because of her daughter, who was 32 years old at that time. Family history was not informative. She is the only child of her parents' relationship, and they both died young from unknown causes. There were maternal half brothers and sisters but she had no contact with them. DNA analysis showed that she had the Dutch founder mutation 2804delAA in BRCA1, and a single base pair deletion (4677delA) in BRCA2. She was without second cancer at age 49, when she had a prophylactic bilateral salpingooophorectomy. There were no (pre-)malignant lesions on pathological examination. A contralateral prophylactic mastectomy is planned.
Both cases from the United Kingdom had Jewish founder mutations, and were ascertained through diagnosis in a clinical genetic setting.
Case 3 is a healthy woman aged 40, who had a prophylactic bilateral mastectomy at 35 years, and a prophylactic bilateral salpingo-oophorectomy at 36 years. Both the mutations 185delAG and 6174delT were previously unknown in the family. The BRCA1 mutation was subsequently found in a maternal second cousin of the proband. The mother of case 3 had bilateral breast cancer at 37 and 39 years, respectively; a maternal aunt had ovarian cancer at 42 years, the maternal grandmother had breast cancer at 51 years, and five maternal great aunts had breast cancer (one bilateral). One second cousin had ovarian cancer at 43 years, breast cancer at 58, and subsequently fallopian tube cancer. In the paternal family no breast or ovarian cancer is known. The maternal side of the family only harbours the BRCA1 mutation and no one has been tested from the paternal side of the family.
Case 4 was affected by left sided invasive lobular carcinoma at age 51. She had no prophylactic surgery and had no further cancer or recurrence to date at age 68. She has a BRCA1 5382insC mutation and a BRCA2 6174delT mutation. Her unaffected brother's daughter had breast cancer at 34 years and harbours the BRCA1 5382insC mutation. Her unaffected daughter, who is 40 years old, has the 6174delT mutation. The proband's mother had no cancer at age 71, but a maternal aunt had breast cancer aged 70 years. One maternal cousin had bowel cancer in his 50s and 60s. The proband's father did not have cancer, but a paternal cousin had a cancer of unknown origin at 57 years. Unfortunately segregation analysis could not be carried out in this family.
REVIEW OF CASES WITH DOUBLE HETEROZYGOSITY
Data on various cases with DH described by Frank et al 23 were updated and extended with respect to mutations and phenotypic expression. We found an additional 22 cases with DH from a total of 13 reported families. 7 10-13 15 16 20 24 The report by Caldes et al is the only one involving a missense mutation, which initially raised doubts about its pathogenicity. We decided to include this family, based on the literature on this mutation which is at an evolutionarily highly conserved residue in a functional motif of the BRCA1 protein (BRCT repeat); the missense change has a high chemical difference score, the mutation is absent in appropriate control populations, and the mutant alleles are always found to be retained in the tumours. [25] [26] [27] [28] It is striking, however, that the phenotypic expression in all these cases (from one family) turned out to be less severe than in the other DH cases. One case report on a woman with breast cancer before the age of 35 is not included, because presumed DH was based on tumour sample analysis only-that is, without constitutional DNA analysis or family history. 29 In the series of Frank et al 23 there were nine women who were diagnosed with DH. In one of these the clinical data were missing, so she was excluded from analysis. In the series of Satagopan et al, 30 Warner et al, 31 and Robson et al, 32 there was mention of double heterozygotes, but they were not included because of lack of clinical information. We are aware of three males with DH: one man described by Caldes et al 16 who had prostate cancer at age 66; one healthy man of over 50 in the series of Frank et al 23 ; and one brother of case 1, who is healthy at age 63. These were also not included in the analysis.
RESULTS
The data on all 34 informative women are given in table 1. The women originated from 25 families, and most cases of DH were the only ones known in the family, the clearest exception being the large family from Spain. 16 Excluding the two Korean families for which no population data were available, 20 we found that in all but two families (index 19 and index 25) at least one of the detected mutations was a known founder in the population. In several families Ashkenazi Jewish descent was known before testing, and DNA analysis was often restricted to founder mutations. In 17 of 25 families (19 women) two Ashkenazi founder mutations were detected, whereas in two families (two women) such a founder mutation was detected only in BRCA2 (6174delT). In many of the 25 families, the information on family history of cancer was inadequate, most often on the paternal side; this is likely to reflect the method of ascertainment. From 18 informative families, the maternal (family) history was positive in 13 cases, the paternal family history was positive in only one case, and there was a history of breast/ovarian cancer on both sides of the family in four.
Of the 34 women with DH, 10 were without breast/ovarian cancer (mean age at last follow up 51.3 years (range 36 to 70)) and 24 (71%) had developed breast or ovarian cancer or both. Fourteen women had one primary breast cancer (mean age at diagnosis 41.3 years (range 26 to 70)), three had bilateral breast cancer (mean age at diagnosis 40.7 years (range 33 to 55)), and one had three primary breast cancers (at age 33, 44, and 47). Three women were diagnosed with both breast and ovarian cancer (mean age at first cancer 39 Table 1 Continued which is 38% of the total group (13/34). These figures are likely to be skewed owing to differences in follow up time.
The total number of primary cancers in 24 affected women was 32 (26 
Follow up data on reported cases often stopped at the age of cancer diagnosis or at the age of DNA testing. Only in four cases with DH was detailed information available on prophylactic surgery: case 1, unilateral mastectomy at age 50; case 2, bilateral salpingo-oophorectomy at age 49; case 3, bilateral mastectomy at age 35 and salpingo-oophorectomy at age 36; and case 4, no prophylactic surgery. These data influence their residual risk of developing cancer in the following years, and for this reason they were censored in the Kaplan-Meier analysis. Information on the extent of breast cancer treatment (that is, mastectomy or breast conserving therapy, radiotherapy, chemotherapy, or hormonal therapy), which may also affect the risk of subsequent cancers, was also unavailable on most cases, so this could not be taken into account. Of the 32 cancers that developed in 24 women with DH, 15 (47%) were diagnosed before the age of 40. Because the follow up time varied among the cases, the cancer-free survival curve (which only takes first cancers into account) was censored for missing follow up years ( fig 3) ; it shows a median cancer-free survival of 45 years (95% confidence interval, 33 to 57). Figure 4 gives the cumulative incidence proportion of cancer in DH; by 70 years of age this was 84% (38% to 99%) for breast and ovarian cancer combined.
In our series there were three recurrent genotypic combinations of DH. The phenotypic expression is summarised in table 2. Thirteen women had 185delAG/6174delT, of whom four were healthy (mean age 48 years (range 36 to 66)) and nine (69%) had a total of 12 cancers (four ovarian, eight breast). Three women had multiple cancers. Six cases had 5382insC/6174delT, of whom one was without cancer at 61 years, and five (83%) had a total of eight cancers (eight breast cancers, no ovarian). Two women had multiple cancers. Seven cases had the 5242CRT/6503delTT genotype involving a missense mutation in BRCA1, of whom four were healthy (mean age 50 years (range 41 to 70)) and three (43%) had a total of three cancers (all breast).
To assess the contribution of both mutations in tumour development in case 1, loss of heterozygosity (LOH) analysis was carried out on DNA isolated from paraffin embedded breast and ovarian tumour tissue. DNA from peripheral blood and from paraffin embedded normal tissue from the proband was used as control. Sequence analysis around the mutation sites revealed loss of the wild type allele at the BRCA1 locus in the breast tumour tissue as well as in the ovarian tumour specimen. LOH data for the BRCA2 gene showed predominant loss of the wild type allele in breast cancer tissue. However, in ovarian cancer tissue predominant loss of the mutant allele was detected.
The data above were added to the LOH analyses that have been reported previously in seven breast cancer and two ovarian cancer specimens (table 3). In three of eight breast cancers, LOH for BRCA1 was detected, and in four (although incomplete in case 1) of eight for BRCA2. Two breast cancers did not show LOH for either gene. The data on ovarian tissue are very inconclusive: one tumour had LOH for both genes, one had no LOH for either gene, and one tumour (case 1) had loss of the wild type allele for BRCA1 but predominant loss of the mutant allele for BRCA2.
DISCUSSION
Serendipitous detection of DH for BRCA1 and BRCA2 prompted us to collect and review all available cases with DH. Thirty cases have been described since 1997, from different countries with highly variable ways of ascertainment ranging from research programmes targeted at Ashkenazi populations to case referral to clinical genetics Figure 4 Cumulative incidence rate of breast/ovarian cancer in cases with double heterozygosity (risk and 95% confidence interval).
services. This has most probably led to a publication bias: some cases may be unreported, and an overrepresentation of Ashkenazi Jewish cases with founder mutations is likely.
Prevalence
The chance of detecting DH depends largely on the frequency of mutation carriers in the reference population, but also on the availability of clinical genetic knowledge and services, the extensiveness of family history taking, the inclusion criteria used for DNA testing, and the extent and procedures of molecular analysis. These are all very heterogeneous-for example, genetic testing may vary from only an analysis of the three well known Jewish founder mutations to comprehensive mutation analysis of the whole coding regions. The population carrier frequency of 185delAG, 5382insC (BRCA1), and 6174delT (BRCA2) is estimated to be 0.92, 0.26, and 1.20, respectively, in the Ashkenazi population, 4 30 adding up to approximately 2.4%. Peto et al estimated the prevalence of BRCA1 and BRCA2 mutation carriers to be 0.11% and 0.12%, respectively, in the non-Ashkenazi (UK) population, which adds up to 0.23%. 33 This indicates that the chance occurrence of double heterozygosity in these populations is around 1 in 1800 and 1 in 190 000, respectively. However, as DNA analysis in the diagnostic setting is usually done on the basis of medical history, family history, and ethnicity, the chance of finding DH among these selected cases must be substantially higher regardless of whether the phenotype is more severe in DH. The data of Frank et al 23 allow an estimation of the incidence of DH in a DNA diagnostic setting: 11 cases of DH were identified among 1720 patients with a positive test result (0.64%)-that is, 11 of 10 000 cases tested (0.1%). All cases of DH were of Ashkenazi descent (11 of 617 positive cases (1.8%); 11 of 3022 tested (0.36%)). No cases of DH were detected among at least 6724 non-Ashkenazi individuals in whom full sequencing of BRCA1 and BRCA2 revealed 1054 mutations. Case 1 is the only one detected in 115 mutation positive index cases tested in Groningen (0.87%), which amounts to 0.14% (1/739) of all index cases tested to date. Case 2 is the only one of 187 positive index cases in Nijmegen (0.53%), which amounts to 0.09% (1/1115) of all index cases tested. Data from the Dutch-Belgian working group on BRCA mutation screening suggest a lower incidence (0.22%), as only three cases of DH are known in 1390 mutation positive families (Hogervorst F, personal communication). Though based on different laboratory methods, populations, and ascertainment criteria (the percentage of index cases with cancer is most probably greater in the Dutch data than in the data of Frank et al), the overall incidences from Groningen, Nijmegen, and Frank et al are similar. The latter data, however, clearly show that Ashkenazi Jewish descent is the single most important predictor of DH. Moreover table 1 shows that the presence of any founder mutation (also nonAshkenazi) is very common in DH.
As is illustrated in the family of case 1 and in several reported cases, finding two mutations has immense consequences for genetic counselling of relatives at risk. First, for first degree relatives, the chance of inheriting one or two mutations is 50% and 25%, respectively, amounting to a 75% chance of having a very high risk of breast and ovarian cancer. Second, if presymptomatic testing is carried out in a family where only one mutation is uncovered, this could lead to a false reassurance of tested relatives. In only four of 18 informative families reported here (22%) could the possibility of DH be suspected before testing, because family history was positive for breast or ovarian cancer on both the maternal and the paternal sides. Some years ago, Gershoni-Baruch et al recommended that one should always test for all three founder mutations in individuals with Jewish ancestry. 19 We suggest that in index cases that meet the criteria for molecular testing and have breast or ovarian cancer on both the maternal and the paternal sides of the family, mutation screening of the whole BRCA1 and BRCA2 gene should be completed, 34 especially when the (first) mutation detected is a known founder in the population. If a mutation is detected in a family, it is important to try to confirm co-segregation in all affected family members. Moreover, if a known mutation (previously detected in the family) is not found in a relative with breast or ovarian cancer, one could consider screening for other (founder) mutations before concluding that the index case is a phenocopy. However, genes other than BRCA1 and BRCA2 could also be involved. The likelihood that a (nonAskenazi) index case with a non-founding BRCA mutation has inherited a second mutation from the unaffected side is much less than 1%. It is probably a more logical use of resources to extend the availability of BRCA testing to moderate risk groups than to put more effort into full sequencing of BRCA1 and BRCA2 in these BRCA mutation carriers.
LOH analysis BRCA1 and BRCA2 both act as tumour suppressor genes, and their gene products play a role in different parts of the complex process of DNA repair. We tried to assess which mutation was the predominant one in oncogenesis in DH in the two different tumour tissues in case 1. Analysis of LOH revealed that the mutation in BRCA1 is most probably the causative mutation in both the breast tumour and the ovarian tumour. The role of the BRCA2 mutation, however, is less clear. In the breast tumour there is loss of the wild type allele only in part of the cells. This is not a result of admixture with normal cells, because in the same DNA sample LOH is complete at the BRCA1 locus. Perhaps loss of the second BRCA2 allele plays a greater role in tumour progression than in the origin of this breast cancer. In the ovarian tumour there is loss of the mutant BRCA2 allele. Some loss of alleles can be random owing to the known chromosomal instability that occurs with mutations in the BRCA genes. From table 3 one cannot deduce whether there is a preference for BRCA1 or BRCA2 to be the first gene to lose its function completely. This is especially clear from the data of Bell et al, who studied three breast tumours from one patient. In two of these they found LOH for BRCA2 and in the third tumour LOH for BRCA1. 15 In the cases where no LOH for either gene was found, this may reflect admixture of normal tissue in the tumour preparation, as was suggested by Ramus et al. 10 Only three ovarian tumours were evaluated for LOH and there was no preference for loss of BRCA1 or BRCA2. In cases where no LOH for either gene is found, contamination with normal tissue might again have played a role. Randall et al described LOH for both genes. 7 However, with the technique they used (analyses of CA repeats in blood and tumour of the patients, but not in the parents) it is not possible to distinguish between loss of the wild type allele and loss of the mutant allele, as was found in the ovarian tumour from our patient. Overall, we have no indication yet that either the BRCA1 or BRCA2 mutation plays a predominant role in oncogenesis in DH.
Phenotypic expression of DH Assessment of the age related cancer incidence in DH is difficult for several reasons. First, it is a small and heterogeneous group from different populations and ascertained in different ways. Second, in most cases data on risk modifying factors (for example, the number of pregnancies, prophylactic surgery, oral contraceptives, hormone replacement therapy, and so on) are lacking. Third, in affected cases details of the mode of detection (screening or interval), multifocality, and treatment methods (mastectomy, breast conserving treatment, radiotherapy, chemotherapy, or adjuvant treatment) are missing.
The age related phenotypic expression in this small series of 34 female cases of DH appeared to be highly variable (fig 3) . Ten women of the 34, with a mean age of 51.3 years (range 36 to 70), were without cancer. For most of these there were no data on risk modifying factors, so this group is not only very small but probably also heterogeneous. KaplanMeier analysis shows a median cancer-free survival of 45 years (95% confidence interval, 33 to 57), which is comparable with the average age for breast cancer diagnosis in BRCA1 and BRCA2 mutation carriers. The cumulative incidence proportion of cancer in DH at age 70 is 80% for breast cancer only and 84% for breast and ovarian cancer. This is comparable with the age related expression of breast cancer in large family based series of BRCA mutation carriers (85% and 84% risk of breast cancer at age 70 for BRCA1 and BRCA2, respectively). 35 36 However, comparison with data from Ashkenazi populations may be more appropriate given the large number of Ashkenazi founder mutations in our series. The risks we found here in DH were higher than reported in population based data by Struewing et al (40-73% at age 70 for BRCA1), 37 by Warner et al (60% at age 70 for BRCA1), 31 or by Satagopan et al (31-80% at age 70 for BRCA1 and 14-50% for BRCA2), 30 but comparable to the family based data of Brose et al, with 37% Ashkenazi cases (74-82% by age 70 for BRCA1), 38 and the population based data of King et al (69% for BRCA1 and 74% for BRCA2 at age 70). 39 Brose et al, who had 37% Ashkenazi founder mutations in their study of 483 BRCA1 mutation carriers, estimated the risk of a second cancer in their population: 22% of women had a second breast cancer (age adjusted lifetime risk 34-47%), and 15% had ovarian cancer after a previous breast cancer (age adjusted lifetime risk 14-24%). 38 In our series four breast cancer patients had a second breast cancer (21%) and two breast cancer patients subsequently had ovarian cancer (11%). If we include case 1, who had ovarian cancer before breast cancer, the percentage is 16% (3/19) , and these percentages are remarkably similar to those of Brose et al. This means that on the basis of this small series there is no indication that double primary tumours occur more often in women with DH.
Genotype-phenotype correlation
Though the data on the three recurrent phenotypes are insufficient for statistical analysis, they indicate that 5382insC/6174delT gives the highest cancer risk-that is, the highest ratio of affected DH cases (5/6), the highest number of cancers per carrier (1.33) and per affected case (1.6), the highest ratio of multiple cancers, and the lowest mean age at diagnosis (40 years) (table 2). The 185delAG/ 6174delT is the only recurrent DH that caused ovarian cancer, leading to cancer in 69% of DH cases, with 0.92 cancers per carrier and 1.3 cancers per affected case. However, when the cancer incidence is correlated with the number of follow up years above the age of 25 (0.053 and 0.047, respectively), the difference becomes negligible. The 5242CRT/6503delTT combination gives the lowest risk and the oldest average age of onset, which may be a reflection of the fact that we are dealing with a missense mutation in BRCA1 (which makes its pathogenicity less certain) and with members of only one family.
It is difficult to compare these results (that is, 185delAG/ 6174delT and 5382insC/6174delT) with the published data on founder mutation specific penetrance. Struewing et al concluded that the apparent cancer risk was highest for the 5382insC mutation in BRCA1 and, surprisingly, that the ovarian cancer risk was highest in 5382insC and lowest in 185delAG. 37 Brose et al found comparable results, with a lower ovarian cancer risk in 185delAG carriers. 38 Others found that the penetrance of 185delAG and 5382insC was comparable, although the latter mutation was observed much more often than expected, suggesting a higher penetrance. 40 Conclusions Double heterozygosity for BRCA1 and BRCA2 mutations is a rare phenomenon, with an incidence of 0.22-0.87% among BRCA mutation carriers, though among Ashkenazi Jewish cases the percentage may be as high as 1.8%. Analysis of 34 cases with DH shows that the phenotypic expression is comparable to the severe end of the spectrum of BRCA1 mutation carriership. There is no indication of a more severe expression with respect to age of onset, cumulative lifetime risks, and the chance of multiple primary tumours. This implies that the usual cancer risk management and preventive options available to high risk women can be offered to women with DH as well. However, the numbers are small and it is therefore important to monitor the follow up of all women with DH. Data on LOH analysis in both breast and ovarian tumours of women with DH are very limited and do not suggest a predominant contribution of either BRCA1 or BRCA2 to oncogenesis in these women.
The main difference in counselling between carriers of a single mutation and people with DH lies in the risks for first degree relatives and other family members. These are confronted with a risk of carrying a mutation up to 75%, and could be falsely reassured if only one familial mutation is excluded while an unrecognised one could still be present. This underlines the need for thorough family investigation once DH is detected in an index case. Before DNA analysis, the presence of DH was suspected only in a small minority on the basis of family history. When a BRCA1 or BRCA2 mutation is detected in an index case, we suggest that co-segregation of the mutation with the diseases should always be assessed in order confirm that the detected mutation is sufficient to explain the family history. When there is a positive family history on both sides, when the first detected mutation is a founder mutation, or when there is Ashkenazi Jewish descent, further mutation analysis of BRCA1 and BRCA2 should be considered before concluding that an affected relative without the familial mutation is a phenocopy.
